INTRODUCTION {#sec0005}
============

Geographical variations (such as living in a rural, intermediate, or urban area) in dementia prevalence and incidence may indicate important socio-environmental contributions to dementia etiology \[[@ref001]\] and are therefore important to investigate. A systematic review and meta-analysis by Russ et al. (2002) including 51 articles on geographical variation in the prevalence and incidence of dementia showed that rural living and early life rural living may be associated with increased rates of Alzheimer's disease (AD) due to a higher probability to be exposed to potentially modifiable risk factors \[[@ref001]\]. Life in rural areas differs from life in urban areas not only in geographical conditions, but also in population age structures, education, income, access to public transport, nursing home placement, and access to specialist treatment and overall health care structures \[[@ref002]\]. This leads to the question of the processes and quality of diagnostic work-up for patients with dementia and possible inequalities regarding diagnostic work-up processes between patients with dementia living in rural, intermediate, and urban areas in Sweden.

The Swedish National Board of Health and Welfare published guidelines in 2010 in which they defined the contents of a basic dementia work-up \[[@ref006]\], which should include a short cognitive screening using the Mini Mental State Examination (MMSE) \[[@ref007]\] and the Clock Test \[[@ref008]\], a blood analysis (calcium, TSH, and either homocysteine or B12 and folate), and neuro-imaging (computed tomography \[CT\] or magnetic resonance imaging \[MRI\] of the brain). Additionally, a structured interview with the patient and a reliable reporter and a physical exam are required, including a functional assessment. For the present study, we used the Swedish Dementia Registry (SveDem), which is a national quality registry launched in 2007 \[[@ref009]\]. Part of the purpose of SveDem is to evaluate the quality indicators established by the Swedish Board of Health and Welfare in 2010 \[[@ref009]\], to establish it as a tool for instituting and evaluating public health policy to improve dementia care. Therefore, and due to the fact that there is still a lack of research concerning diagnostic work-up processes and outcomes for patients with dementia in different living settings, the aim of the present study was to describe and compare characteristics and diagnostic work-up procedures for patients with dementia living in rural, intermediate and urban areas in Sweden. We expected a greater coverage of diagnostic work-up procedures in urban compared to intermediate and rural areas. Furthermore, we wanted to examine the associations between living areas and different diagnostic work-up processes. We expected that patients living in rural areas were less likely to receive the different diagnostic work-up processes, when adjusting for age, sex, Charlson Comorbidity Index, type of care, and total dependency ratio.

MATERIALS AND METHODS {#sec0010}
=====================

We analyzed cross-sectional data of patients with dementia living in rural, intermediate, and urban areas in Sweden including patients registered in SveDem, the Swedish nationwide registry of dementia disorders \[[@ref009]\]. SveDem has the aim to register patients with dementia at the time of the dementia diagnosis and monitor their care, as already described in detail \[[@ref009]\]. Briefly, patients are registered by a specialist or primary care unit. In Sweden, the basic health and medical care is generally referred to as primary care. The primary care services are comprised of general medical practitioners offering medical examinations, care and treatment of most common conditions and illnesses. Specialist care, however, is defined as care that requires more specialized medical measures than what is available through primary care. There are around 1170 primary care units and 58 specialist units in Sweden in 2018 (SveDem yearly report, 2018). The registered variables include information on patients' demographics, living situation, dementia type, and diagnostic work-up including blood analyses, cognitive evaluation using MMSE \[[@ref007]\], Clock test, as well as either CT or MRI as imaging methods. Furthermore, this information was completed with data on medication use obtained from the Swedish Prescribed Drug Register (PDR, which has a coverage close to 100%) \[[@ref011]\], and data on comorbidities which were obtained from the National Inpatient Registry (NIR), covering all specialist clinic and hospital diagnoses \[[@ref012]\].

Study population {#sec0015}
----------------

The study population included patients with dementia registered from 2007 through 2014. Of 58,154 patients in SveDem, *n* = 13 were excluded due to missing values about information on living typology (rural, intermediate, urban). Hence, 58,141 patients were included.

Variable definitions {#sec0020}
--------------------

The rural, intermediate, and urban typology for the Swedish geographical regions were defined for all 290 Swedish municipalities (kommuner) according to the Classification of Swedish municipalities 2017 produced by the Swedish Association of Local Authorities and Regions \[[@ref013]\]. The classification consists of three main groups (A: large cities and municipalities near large cities; B: medium-sized towns and municipalities near medium-sized towns; C: smaller towns/urban areas and rural municipalities) in which the municipalities are further divided into a total of nine groups based on structural parameters such as population and commuting patterns. For a more detailed overview, see the map in the [Supplementary Material](#S1){ref-type="supplementary-material"}.

From SveDem, we used information on dementia diagnosis, dementia type, type of care (specialist versus primary care), basic examination at time of diagnosis, i.e., blood analysis, cognitive evaluation with the MMSE, the clock test, as well as imaging procedures (CT and/or MRI). The variable "Basic examination" was calculated and considered as complete if the patient had received MMSE, clock test, blood tests, and neuroimaging (CT and/or MRI).

The total dependency ratio was defined as the proportion of people aged 20--64 working in a specific region compared to older and younger people. The variable was calculated using the average of the years 2007 until 2014 \[[@ref014]\].

Furthermore, the Charlson Comorbidity Index (CCI) \[[@ref015]\] was calculated using ICD-10 coded diagnoses from the NIR and integrated in the analyses.

Statistical analysis {#sec0025}
--------------------

The IBM Statistical Package for Social Sciences \[[@ref016]\] for Windows, version 22, was used for the analyses.

For the descriptive statistics, continuous variables were summarized as means and standard deviations or as medians and interquartile ranges, as appropriate. For categorical variables, data were presented as number of cases and percentages. To calculate p-values for differences, ANOVAs were used for continuous, and chi-square tests for categorical variables. Values were presented in total and for sex differences.

Binary logistic regressions were applied to estimate odds ratios (ORs) with 95% confidence intervals (CIs) for associations of basic examination procedures and rural versus intermediate versus urban residency at the time of dementia diagnosis. The fully adjusted model was controlled for age, sex, CCI, total dependency ratio, and type of care (specialist versus primary).

Furthermore, we conducted binary logistic regressions stratified for type of care (primary versus specialist) with 95% CIs for associations of basic examination procedures and rural versus intermediate versus urban residency at the time of dementia diagnosis. Models were adjusted for age, sex, CCI, and total dependency ratio.

RESULTS {#sec0030}
=======

Characteristics of study population {#sec0035}
-----------------------------------

Of the 58,141 patients with dementia included, *n* = 16,428 (28.26%) lived in rural, *n* = 18,033 (31.02%) in intermediate, and *n* = 23,680 (40.72%) lived in urban areas in Sweden. Demographic characteristics of the patients by sex and living typology are presented in [Table 1](#jad-69-jad190017-t001){ref-type="table"}. Many patients were living alone (rural: 46.6%, intermediate: 42.7%, urban: 50.8%), even though more people in urban areas compared to intermediate and rural ones were living alone (*p* \< 0.001). AD and mixed dementia were the most common dementia types (AD: rural: 32.1%; intermediate: 32.8%; urban: 27.6%; Mixed: rural: 12.3%; intermediate: 11.7%; urban: 27.4%). The majority of patients were in the mild stage of dementia as defined by MMSE at the time of dementia diagnosis (rural: *M* = 20.97; *SD* = 4.88; intermediate: *M* = 20.8, *SD* = 5.02; urban: *M* = 20.8, *SD* = 5.18). Overall, the proportion of patients who received a full basic examination in all three areas ranged from 65 to 75% (rural: 71.1%; intermediate: 65.8%; urban: 74.1%). Gender differences could be observed in nearly all domains of diagnostic work-up (except for MRI, and EEG in rural and intermediate areas), indicating that men received more diagnostic work-up than women. The only exception was the performance of the MMSE in rural areas (men: 93.7%; women: 94.0%).

###### 

Demographics and work-up characteristics of dementia patients

                                                        rural       intermediate       urban             *p*                                                                                                                               
  ------------------------------------------------- -------------- -------------- ---------------- --------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- ---------------
  Baseline characteristics                                                                                                                                                                                                                 
    Age, mean, (SD)                                  78.42 (7.88)   80.22 (7.78)    **0.001**^c^    79.47 (7.87)    78.20 (7.91)   79.75 (8.05)   **0.001**^c^   79.09 (8.03)   78.86 (7.92)   81.02 (7.70)   **0.001**^c^   80.18 (7.86)   **0.001**^a^
  Comorbidities                                                                                                                                                                                                                            
    CCI, mean, (SD)                                  2.61 (1.85)    2.12 (1.57)     **0.001**^c^     2.32 (1.71)    2.52 (1.76)    2.11 (1.56)    **0.001**^c^   2.28 (1.66)    2.67 (1.97)    2.26 (1.78)    **0.001**^c^   2.42 (1.86)    **0.001**^a^
  Dementia characteristics                                                                                                                                                                                                                 
    MMSE, mean, (SD)                                 21.09 (4.95)   20.88 (4.83)    **0.009**^c^    20.97 (4.88)    20.97 (5.11)   20.68 (4.94)   **0.001**^c^   20.81 (5.02)   21.18 (5.18)   20.57 (5.16)   **0.001**^c^   20.81 (5.18)   **0.004** ^a^
    AD, *n* (%)                                      1954 (28.6)    3309 (34.6)     **0.001**^b^     5263 (32.1)    2213 (28.5)    3684 (36.0)    **0.001**^b^   5897 (32.8)    2114 (23.0)    4400 (30.4)    **0.001**^b^   6514 (27.6)    **0.001**^b^
    Mixed dementia, *n* (%)                           857 (12.5)    1153 (12.1)     **0.001**^b^     2010 (12.3)    1003 (12.9)    1097 (10.7)    **0.040**^b^   2100 (11.7)    2460 (26.8)    4027 (27.9)    **0.001**^b^   6487 (27.4)    **0.001**^b^
    VaD, *n* (%)                                     1592 (23.3)    1729 (18.1)    **0.017^*b*^**    3321 (20.3)    1440 (18.6)    1411 (13.8)      0.587^b^     2851 (15.8)    2166 (23.6)    2583 (17.9)    **0.001**^b^   4749 (20.1)    **0.001**^b^
    LBD, *n* (%)                                      153 (2.2)      117 (1.2)     **0.028^*b*^**     270 (1.6)      251 (3.2)      146 (1.4)     **0.001**^b^    397 (2.2)      317 (3.4)      193 (1.3)     **0.001**^b^    510 (2.2)     **0.001**^b^
    FTD, *n* (%)                                      108 (1.6)      124 (1.3)        0.294^b^        232 (1.4)      157 (2.0)      170 (1.7)       0.472^b^      327 (1.8)      135 (1.5)      163 (1.1)       0.105^b^      298 (1.3)     **0.001**^b^
    PDD, *n* (%)                                      142 (2.1)       65 (0.7)      **0.001**^b^      207 (1.3)      177 (2.3)      113 (1.1)     **0.001**^b^    290 (1.6)      212 (2.3)      133 (0.9)     **0.001**^b^    345 (1.5)     **0.001**^b^
    Unspecified, *n* (%)                             1773 (26.0)    2825 (29.5)     **0.001**^b^     4598 (28.1)    2268 (29.3)    3370 (32.9)    **0.001**^b^   5638 (31.3)    1548 (16.8)    2681 (18.5)    **0.001**^b^   4229 (17.9)    **0.001**^b^
    Others, *n* (%)                                   250 (3.7)      241 (2.5)        0.685^b^        491 (3.0)      243 (3.1)      246 (2.4)       0.892^b^      489 (2.7)      238 (2.6)      273 (1.9)       0.122^b^      511 (2.2)       0.742^b^
  Living situation                                                                                                                                                                                                                         
    Living alone, *n* (%)                            1904 (29.3)     5289(58.9)     **0.001**^b^     7193 (46.4)     1912(26.0)     5162(55.5)    **0.001**^b^   7074 (42.7)     2770(32.1)     8393(63.0)    **0.001**^b^   11163 (50.8)   **0.001**^b^
  Diagnostic work-up                                                                                                                                                                                                                       
    Basic Examination, *n* (%)                       5022 (73.4)    6651 (69.4)     **0.001**^b^    11673 (71.1)    5298 (68.2)    6575 (64.1)    **0.001**^b^   11873 (65.8)   6938 (75.4)    10617 (73.4)   **0.001**^b^   17555 (74.1)   **0.001**^b^
    MMSE performance, *n* (%)                        6399 (93.7)    9001 (94.0)     **0.001**^b^    15 400 (93.9)   7108 (91.8)    9309 (91.1)    **0.001**^b^   16417 (91.4)   8534 (92.8)    13362 (92.4)   **0.001**^b^   21896 (92.6)   **0.001**^b^
    Clock test, *n* (%)                              5845 (85.6)    8078 (84.4)     **0.001**^b^    13923 (84.9)    6429 (83.0)    8206 (80.2)    **0.001**^b^   14635 (81.4)   7716 (83.9)    11895 (82.3)   **0.001**^b^   19611 (82.9)   **0.001**^b^
    Blood analysis, *n* (%)                          6386 (93.5)    8933 (93.4)     **0.001**^b^    15319 (93.4)    7089 (91.6)    9329 (91.2)    **0.001**^b^   16418 (91.3)   8527 (92.8)    13382 (92.6)   **0.001**^b^   21909 (92.7)   **0.001**^b^
    CT, *n* (%)                                      5833 (85.4)    7734 (80.8)     **0.001**^b^    13567 (82.8)     6384(82.4)    8084 (79.0)    **0.001**^b^   14468 (80.5)   7562 (82.3)    11878 (82.2)   **0.001**^b^   19440 (82.2)   **0.001**^b^
    MRI, *n* (%)                                       540(7.9)      578 (6.0)        0.256^b^       1118 (6.8)      749 (9.7)      712 (7.0)       0.333^b^      1461 (8.1)    1919 (20.9)    2432 (16.8)    **0.001**^b^   4351 (18.4)    **0.001**^b^
    LP, *n* (%)                                      1530 (22.4)    1733 (18.1)     **0.001**^b^     3263 (19.9)    1696 (21.9)    1905 (19.5)    **0.001**^b^   3601 (20.0)    3367 (36.7)    4590 (31.8)    **0.001**^b^   7957 (33.7)    **0.001**^b^
    EEG, *n* (%)                                      270 (4.0)      288 (3.0)        0.446^b^        558 (3.4)      442 (5.7)      457 (4.5)       0.617^b^      899 (5.0)     1863 (20.3)    2784 (19.3)    **0.001**^b^   4647 (19.7)    **0.001**^b^
    Assessment of occupational therapist, *n* (%)     178 (2.6)      228 (2.4)      **0.013**^b^      406 (2.5)      331 (4.3)      440 (4.3)     **0.001**^b^    771 (4.3)      364 (4.0)      520 (3.6)     **0.001**^b^    884 (3.7)     **0.001**^b^
    Assessment by physiotherapist, *n* (%)            320 (4.7)      387 (4.0)      **0.012**^b^      707 (4.3)      740 (9.6)      846 (8.3)     **0.008**^b^    1586 (8.8)     596 (6.5)      813 (5.6)     **0.001**^b^    1409 (6.0)    **0.001**^b^
    Neuropsychology, *n* (%)                          476 (7.0)      456 (4.8)        0.512^b^        932 (5.7)     1000 (12.9)    1059 (10.4)      0.194^b^     2059 (12.5)     3043(33.1)    3882 (26.9)    **0.001**^b^   6925 (29.3)    **0.001**^b^

SD, standard deviation; n, number; CCI, Charlson Comorbidity Index; MMSE, Mini-Mental State Examination (0--30); AD, Alzheimer's disease; VaD, vascular dementia; LBD, Lewy body disease; FTD, frontotemporal dementia; PDD, Parkinson's disease dementia; LP, lumbar puncture. Missing data in rural sample: dementia diagnosis *n* = 36; MMSE *n* = 424; Clock test *n* = 407; Blood analysis *n* = 369; LP *n* = 513; CT *n* = 365; MR *n* = 587; EEG *n* = 640; Occupational *n* = 631; physiotherapy *n* = 641; neuropsychology *n* = 659. Missing data in intermediate sample: dementia diagnosis *n* = 44; MMSE *n* = 504; Clock test *n* = 641; Blood analysis *n* = 659; LP *n* = 947; CT *n* = 591; MR *n* = 991; EEG *n* = 1075; Occupational *n* = 1,020; physiotherapy *n* = 1,063; neuropsychology *n* = 1085. Missing data in urban sample: dementia diagnosis *n* = 37; MMSE *n* = 759; Clock test *n* = 812; Blood analysis *n* = 634; LP *n* = 746; CT *n* = 709; MR *n* = 805; EEG *n* = 795; Occupational *n* = 958; physiotherapy *n* = 957; neuropsychology *n* = 949. ^a^One-Way ANOVA; ^b^Chi-square; ^c^*T*-test for independent samples.

Results of the logistic regressions {#sec0040}
-----------------------------------

In adjusted analyses, patients living in urban areas were less likely to receive the complete basic examination (0.81, 95% CI: 0.76--0.86), i.e., MMSE examination (0.58, 95% CI: 0.51--0.67), Clock test (0.78, 95% CI: 0.72--0.84), blood analysis (0.75, 95% CI: 0.66--0.86), and neuro-imaging (0.91, 95% CI: 0.83--0.99) compared to rural, and also compared to intermediate areas (BE: 0.66, 95% CI: 0.63--0.70; MMSE: 0.54, 95% CI: 0.48--0.60; Clock: 0.76, 95% CI: 0.71--0.82; blood: 0.78, 95% CI: 0.70--0.87; imaging: 0.73, 95% CI: 0.68--0.76). The models are adjusted for age, sex, CCI, type of care (specialist versus primary), and total dependency ratio and are presented in [Table 2](#jad-69-jad190017-t002){ref-type="table"}.

###### 

Overall logistic regressions of basic examination, MMSE scores, blood analysis, and CT or MRI at dementia diagnosis

  Adjusted Analyses             Analysis 1: Basic Examination   Analysis 2: MMSE scores   Analysis 3: Clock Test   Analysis 4: Blood Analysis   Analysis 5: CT and/or MRI
  ---------------------------- ------------------------------- ------------------------- ------------------------ ---------------------------- ---------------------------
  Living situation                                                                                                                             
    Rural                                                                                                                                      
    Urban                           **0.81 (0.76--0.86)**        **0.58 (0.51--0.67)**    **0.78 (0.72--0.84)**      **0.75 (0.66--0.86)**        **0.91 (0.83--0.99)**
    Intermediate                    **0.66 (0.63--0.70)**        **0.54 (0.48--0.60)**    **0.76 (0.71--0.82)**      **0.78 (0.70--0.87)**        **0.73 (0.68--0.76)**
  Age                                                                                                                                          
    \<81 years old                  **1.01 (1.00--1.01)**        **1.05 (1.05--1.06)**    **1.01 (1.01--1.02)**      **1.02 (1.01--1.03)**          0.99 (0.99--1.00)
    ≥81 years old                   **0.91 (0.90--0.91)**        **0.91 (0.91--0.93)**    **0.92 (0.92--0.93)**      **0.94 (0.93--0.95)**        **0.87 (0.88--0.89)**
  Sex                               **1.06 (1.02--1.11)**          0.96 (0.88--1.05)      **1.06 (1.01--1.12)**        0.96 (0.88--1.05)          **1.11 (1.05--1.18)**
  Charlson Comorbidity Index        **0.98 (0.97--0.99)**        **0.97 (0.95--0.99)**    **0.97 (0.96--0.99)**      **0.96 (0.94--0.98)**          1.01 (1.00--1.03)
  Type of Care                      **0.36 (0.35--0.38)**        **0.30 (0.27--0.33)**    **0.58 (0.55--0.62)**      **0.58 (0.53--0.64)**        **0.18 (0.17--0.20)**
  Total dependency ratio            **0.99 (0.99--0.99)**        **1.00 (0.99--1.00)**    **1.00 (0.99--1.00)**      **0.99 (0.99--1.00)**        **0.98 (0.98--0.99)**
  Constant                                **8.63**                     **2.52**                  **6.66**                  **19.52**                   **178.63**

Results obtained from binary logistic regressions for the association between Basic Examination, MMSE sores, Clock Test, Blood Analysis, CT and/or MRT, and living typology (urban versus rural). Results are adjusted for age, sex, Charlson Comorbidity Index, total dependency ratio and type of care (primary versus specialist). In all analyses, rural living typology is the reference category, as well as female persons and specialized care. Missings in adjusted analyses: analysis 1: *n* = 6,942; analysis 2: *n* = 8,525; analysis 3 : 8,671; analysis 4: *n* = 8,506; analysis 5: *n* = 6,942. Bold scores indicate a *p*-value \<0.05.

In stratified analyses by level of care, patients living in urban areas were less likely in primary care to receive the basic examination (0.63, 95% CI: 0.58--0.69), MMSE examination (0.46, 95% CI: 0.39--0.55), Clock test (0.63, 95% CI: 0.57--0.70), blood analysis (0.58, 95% CI: 0.49--0.68), and neuroimaging (0.84, 95% CI: 0.76--0.93) compared to rural, and also compared to intermediate areas (BE: 0.60, 95% CI: 0.56--0.64; MMSE: 0.53, 95% CI: 0.47--0.61; Clock: 0.66, 95% CI: 0.61--0.72; blood: 0.76, 95% CI: 0.67--0.87; imaging: 0.71, 95% CI: 0.66--0.76) in primary care. In specialist care, however, patients living in urban areas don't significantly receive basic examination (1.05, 95% CI: 0.94--1.16), Clock tests (1.07, 95% CI: 0.94--1.22), and imaging (1.04, 95% CI: 0.86--1.27), whereas patients living in intermediate areas receive less basic examination (0.83, 95% CI: 0.75--0.92), MMSE testing (0.52, 95% CI: 0.41--0.67), blood analysis (0.80, 95% CI: 0.65--0.99), and imaging (0.78, 95% CI: 0.64--0.94). The stratified models are presented in [Table 3](#jad-69-jad190017-t003){ref-type="table"}.

###### 

Stratified logistic regressions for type of care (primary versus specialist) of basic examination, MMSE scores, Blood analysis, and CT or MRI at dementia diagnosis

  Stratified analyses Primary care       Analysis 1: Basic Examination   Analysis 2: MMSE scores   Analysis 3: Clock Test   Analysis 4: Blood Analysis   Analysis 5: CT and/or MRI
  ------------------------------------- ------------------------------- ------------------------- ------------------------ ---------------------------- ---------------------------
  Living situation                                                                                                                                      
    Rural                                                                                                                                               
    Urban                                    **0.63 (0.58--0.69)**        **0.46 (0.39--0.55)**    **0.63 (0.57--0.70)**      **0.58 (0.49--0.68)**        **0.84 (0.76--0.93)**
    Intermediate                             **0.60 (0.56--0.64)**        **0.53 (0.47--0.61)**    **0.66 (0.61--0.72)**      **0.76 (0.67--0.87)**        **0.71 (0.66--0.76)**
  Age                                                                                                                                                   
    \<81 years old                           **1.01 (1.01--1.02)**        **1.07 (1.05--1.08)**    **1.02 (1.01--1.03)**        1.01 (1.00--1.03)            0.99 (0.99--1.00)
    ≥81 years old                            **0.91 (0.90--0.91)**        **0.92 (0.90--0.93)**    **0.93 (0.93--0.94)**      **0.93 (0.92--0.94)**        **0.88 (0.87--0.89)**
  Sex                                        **1.09 (1.04--1.15)**          1.05 (0.95--1.16)      **1.08 (1.02--1.16)**        1.02 (0.92--1.14)          **1.12 (1.06--1.20)**
  Charlson Comorbidity Index                   1.00 (0.98--1.01)          **0.97 (0.95--1.00)**      1.00 (0.98--1.01)        **0.95 (0.93--0.98)**          1.01 (1.00--1.02)
  Total dependency ratio                     **0.97 (0.97--0.98)**        **0.99 (0.98--1.00)**    **0.99 (0.98--0.99)**      **0.99 (0.98--0.99)**        **0.98 (0.97--0.98)**
  Constant                                         **7.28**                       0.46                    **3.48**                  **33.52**                    **61.57**
  Stratified analyses Specialist care    Analysis 1: Basic Examination   Analysis 2: MMSE scores   Analysis 3: Clock Test   Analysis 4: Blood Analysis   Analysis 5: CT and/or MRI
  Living situation                                                                                                                                      
    Rural                                                                                                                                               
    Urban                                      1.05 (0.94--1.16)            0.98 (0.75--1.30)        1.07 (0.94--1.22)          0.99 (0.79--1.23)            1.04 (0.86--1.27)
    Intermediate                             **0.83 (0.75--0.92)**        **0.52 (0.41--0.67)**      1.05 (0.92--1.19)        **0.80 (0.65--0.99)**        **0.78 (0.64--0.94)**
  Age                                                                                                                                                   
    \<81 years old                           **1.01 (1.00--1.01)**        **1.04 (1.03--1.05)**    **1.01 (1.01--1.02)**      **1.01 (1.00--1.03)**          0.99 (0.98--1.01)
    ≥81 years old                            **0.91 (0.90--0.92)**        **0.89 (0.87--0.92)**    **0.89 (0.88--0.90)**      **0.97 (0.95--1.00)**        **0.92 (0.90--0.94)**
  Sex                                          1.01 (0.94--1.08)          **0.77 (0.66--0.92)**      1.04 (0.96--1.13)        **0.87 (0.75--1.00)**          1.07 (0.94--1.22)
  Charlson Comorbidity Index                 **0.96 (0.94--0.98)**        **0.98 (0.93--1.03)**    **0.95 (0.93--0.97)**      **0.95 (0.92--0.99)**          1.02 (0.99--1.06)
  Total dependency ratio                     **1.01 (1.00--1.01)**          1.00 (0.99--1.00)      **1.01 (1.01--1.02)**        1.00 (0.99--1.01)            1.00 (0.99--1.01)
  Constant                                         **2.21**                     **5.46**                  **2.38**                  **12.75**                    **47.34**

Results obtained from binary logistic regressions for the association living typology (rural versus intermediate versus urban) and basic examination, MMSE scores, Clock Test, Blood Analysis, and CT and/or MRI stratified for type of care (primary versus specialist). Results are adjusted for age, sex, Charlson Comorbidity Index, and total dependency ratio.

DISCUSSION {#sec0045}
==========

As life in rural areas differs from life in intermediate and urban areas in socio-demographic and health-related variables \[[@ref004]\], it is important to evaluate the quantity of diagnostic work-up processes and to ensure that patients with dementia in all areas in Sweden receive a complete basic examination. National diagnostic guidelines are one step in this direction \[[@ref006]\]. Yet, the present study is, to the authors' best knowledge, the first study that examines geographical differences in diagnostic work-up processes for patients with dementia living in Sweden.

The present study demonstrates some differences between diagnostic work-up processes in rural, intermediate, and urban living typologies. The overall basic examination rate in all three living typologies can be improved, showing that around 25--35% of the patients do not receive a full basic examination. This result was also supported by Garcia-Ptacek et al. (2017), who investigated the AD subgroup. They showed that one or more tests of the basic examination were missing in 47% of patients with AD \[[@ref017]\]. Therefore, an improvement of the overall quality of basic examination is needed. However, encouragingly though, the latest SveDem yearly report shows an increase in the proportion of basic examinations in primary care from 46% in 2011 to 70% in 2017 \[[@ref018]\].

Surprisingly, patients living in rural areas were more likely to receive the basic examination, MMSE, Clock test, blood analysis, and neuroimaging, compared to patients living in urban, and also compared to patients living in intermediate areas in adjusted analyses. Sweden is a large and sparsely populated country; therefore, one could assume that in some cases, sending a patient hours away for, e.g., a CT scan may not be common practice. Yet, our study shows the opposite results. We can only speculate on the possible reasons; however, this result could also be explained by a sampling bias generated by the coverage of around 40% of the SveDem data. It could be possible that patients living in rural areas are more likely to get registered in SveDem when they also received the full basic examination.

Furthermore, results of the stratified analyses showed differences in the diagnostic work-up processes between primary and specialist care, indicating that in primary care, patients living in rural areas receive more basic examination, MMSE testing, Clock tests, blood analyses, and imaging, whereas in specialist care these differences disappear. This is probably due to urban areas having higher availability of specialist units, with more patients directly referred to specialist care from primary care without a prior basic examination, which is then performed in the specialist unit. Also, the affiliation of primary care units to SveDem in urban areas are lower than in rural areas.

The present study also showed clear sex differences in nearly all investigated diagnostic work-up processes (except MMSE performance in rural areas), with men receiving more diagnostic work-up than women. It should be noted that women in our sample were older and showed a lower MMSE score compared to men over all three living typologies, as also supported by a review of Li and Singh \[[@ref019]\]. These differences were also seen in an earlier report from SveDem where men were diagnosed with more technical investigations, but the gender differences disappeared when adjusted for age \[[@ref020]\]. Even though clear sex differences have been reported in the incidence and prevalence of dementia \[[@ref021]\], the reasons for these differences are still unclear \[[@ref019]\]. Two contributory factors may be that age and lower MMSE do lead to overall fewer investigations performed in the diagnostic work-up \[[@ref020]\]. Also living conditions may play a role. Another recent paper of ours showed that persons who live alone (the majority is women) get diagnosed later (i.e., have a lower MMSE at the time of diagnosis \[[@ref022]\]).

The present study had several limitations. As already mentioned above, even though the coverage of SveDem is increasing, it is still not complete and was estimated at 36% in 2012 \[[@ref009]\]. Therefore, if indeed patients from rural areas have worse access to health care that could also lead to lower inclusion rates in SveDem and consequently to a sampling bias \[[@ref002]\].

Furthermore, there are several different possible definitions of rural, intermediate, and urban living areas used in studies on living typologies. Therefore, data from a single study in one geographical location cannot be directly compared with those of another study from another country because of methodological differences and different definitions being used between the studies \[[@ref001]\]. The variable used for the definition of living typology in the present study was defined according to the newest Swedish definition of rural, intermediate, and urban living typology and therefore allows important conclusions regarding the diagnostic work-up within Sweden. However, the general results regarding differences in urban and rural areas are still of high importance for health care providers outside of Sweden, as geographical variation is a factor of concern seen in several international studies \[[@ref001]\].

Another limitation is the absence of information on other possible factors influencing the diagnostic work-up processes in rural, intermediate, and urban areas (e.g., neighborhood effects and segregation, immigration, social factors, ethnicity, and gender). Also, recent research shows that there are some environmental factors (e.g., total amount of green space \[[@ref023]\], environmental pollution \[[@ref024]\], and noise exposure \[[@ref025]\]) that could influence the development and progression of dementia in rural, intermediate, and urban living areas, which could serve as possible controlling variables. Therefore, further studies should take these variables into account when examining dementia and living typology.

The large sample size is a particular strength of the present study. It includes individuals from throughout the whole country and therefore reflects epidemiological reality.

This is the first study that examines differences in diagnostic work-up processes in patients with dementia in rural, intermediate, and urban areas in Sweden. As already mentioned, the variable used for the definition of living typology was defined according to the newest definition of rural, intermediate, and urban living typology. Thus, it is ensured that the classification is relevant for the Swedish setting.

The identification of differences in diagnostic work-up processes in rural, intermediate, and urban areas is of considerable interest to assess the quality of diagnostic work-up for patients with dementia in Sweden and possibly other countries. The results of the present study should be taken into consideration in future healthcare decisions to ensure equality of health care across rural, intermediate, and urban areas to assess inequalities regarding diagnostic work-up processes in the different living typologies (e.g., by sensitizing urban practioners to use further diagnostic processes, or by starting information campaigns on sex differences in diagnostic treatment). The future aim should be to avoid geographical and sex differences in diagnostic work-up processes.
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